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Abstract 
High temperature superconducting coated conductor (CC) could be practically applied in electric equipment 
due to its favorable mechanical properties and the critical current performance of YBCO superconducting layer. 
It is well known that CC could be easily delaminated because of its poor stress tolerance in thickness direction, 
i.e. along the c-axis of YBCO. Commonly, a stack including YBCO layer and silver stabilizer could be obtained 
after the delamination. It would be interesting to investigate the superconducting properties of the delaminated 
stack, since it could also be considered as a new type of CC with the silver stabilizer as the buffer layer, which is 
quite different from the oxide buffer layers in the traditional CC and might lead to new applications. In this study, 
a CC sample was delaminated by liquid nitrogen immersing. A Hall probe scanning system was employed to 
measure the critical current (IC) distribution of the original sample and the obtained stack. It was found that IC 
could be partially preserved after the delamination. Dense and crack-free morphologies of the delaminated 
surfaces were observed by scanning electron microscopy, and the potential application of the obtained stack in 
superconducting joint technology was discussed. 
High temperature superconducting (HTS) coated 
conductor (CC), as known as second generation HTS wire, 
is generally regarded as the main superconducting 
candidate for various electric devices [1, 2, 3]. The nickel-
based substrate could provide favorable mechanical 
strength in the length direction and width direction of CC. 
However, in the thickness direction, i.e. along the c-axis 
of YBCO, the adhesion strength of layer interfaces is 
weak [4, 5], which could lead to the delamination 
behavior. The stress tolerance in the thickness direction, 
might be exceeded in many cases, such as thermal cycling 
[6, 7], Lorentz force [8, 9], epoxy impregnation [10], hoop 
stresses [11, 12], etc. The delamination is a severe threat 
for CC practical applications [13, 14]. 
Therefore, CC delamination was investigated by 
many groups. Takematsu et al. studied the structural 
changes of an epoxy impregnated double pancake coils 
after five times temperature cycling of 77 K to room 
temperature [7]. Van et al. used two anvils to apply tensile 
strength on both sides of CC and detect the delamination 
strength, which was about 10 MPa for the 8µm-thick 
YBCO layer [4]. Kesgin et al. used the T peel test to 
delaminate CC samples, and the delamination force and 
surface topography were measured. It was concluded that 
the delamination could occur between the HTS layer and 
buffer layer or inside the HTS layer [15]. 
On the other hand, delamination could be utilized to 
fabricate ceramic thin films on plastic substrates. In the 
study of Kozuka et al., a stack of plastic/ceramic 
film/release-layer/ Si (100)-substrate was fabricated, and 
then delaminated to obtain the plastic/ceramic-film part 
[16, 17]. Such a method was proposed because the plastic 
substrate could not withstand the 500 oC heat treatment of 
ceramic film fabrication, and the delamination process did 
not damage the ceramic thin films, although it was a 
brittle material. YBCO is mechanically of ceramic nature 
[18], thus it could be speculated that the superconducting 
property might be totally or partially preserved after 
delamination. If the delaminated part with YBCO/silver 
component could carry superconducting current, it could 
be considered as a new type of CC with the silver 
stabilizer as the new buffer layer. Silver is quite different 
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from the oxide cap layers in the traditional CC, thus the 
delaminated part might be used in some new applications. 
Therefore, it would be interesting to study if critical 
current (IC) of YBCO layer could preserved after 
delamination. In this study, a CC sample was delaminated, 
IC distributions of the original sample and the delaminated 
sample were measured using a Hall probe scanning 
system, and the morphologies of the delaminated surfaces 
were observed. IC was found to be partially preserved after 
delamination, and its potential application in the 
superconducting joint would be discussed through the 
estimation of oxygen diffusion durations. 
The HTS CC sample used in this study was produced 
by AMSC Company, which owned a Ni-W RABiTS 
substrate about 75 µm thick, the (Y2O3/YSZ/CeO2) buffer 
layers about 225 nm thick, a YBCO layer about 1 µm 
thick and a silver stabilizer about 3 µm thick. Both sides 
of CC were covered by brass tapes. The thickness of CC 
was 0.40 mm, the width was 4.40 mm, and the labeled IC 
was 90 A (77 K, self-field). The original sample about 60 
mm long was cut out of the long CC tape.  
In order to delaminate the original sample, two 
factors found in our preliminary experiments were 
considered. First, the direct delamination by peeling force 
could cause micro-cracks in the YBCO layer, which 
might be caused by the local curve which exceeded the 
radius limitation of CC [19]. Second, the YBCO layer 
near the edges was difficult to delaminate, because the 
adhesion strength was larger there [15]. Therefore, the 
delamination operation was conducted at room 
temperature as following: Both edges of the original 
sample were sheared, with the CC width decreasing to 
3.63 mm; The sheared sample were placed in liquid 
nitrogen, and could delaminate by itself, similar to the 
report of Takematsu et al. [7]. The surfaces of two 
delaminated parts were black and purple, respectively, 
indicating that the delamination occurred generally at the 
YBCO-buffer interface. The delaminated part with 
YBCO layer would be denoted as “delaminated sample” 
in this paper.  
The IC distribution was measured using a proto-type 
Hall probe scanning system [20, 21] established by 
Beijing Eastforce company, as shown in Figure 1. The 
sample was firstly placed in the liquid nitrogen pool and 
cooled down to 77 K, then excited by an external 
magnetic field larger than 2-fold penetration field [22-24]. 
After switching off the exciting magnet, there was a 
current loop with the critical current density. The 
magnetic field generated by the current loop was then 
measured by the Hall probe 2-dimensional scanning. The 
IC distribution inside the YBCO layer was then calculated 
according to the magnetic field distribution.  
The morphologies of the delaminated surfaces were 
observed by scanning electron microscopy (SEM) using 
Hitachi SU8010 with an energy dispersive spectrometer 
(DES) to analyze the elemental composition.    
The magnetic field distributions of the original 
sample and delaminated sample were illustrated in Figure 
2 (a) and (b), respectively. Their calculated IC 
distributions were shown in Figure 3 (a) and (b). IC was 
low in the central zones of both samples because of the 
Fig. 2. The magnetic field distributions of (a) the original sample 
and (b) the delaminated sample, which were measured using the 
Hall probe scanning system. 
Fig. 3. The Ic distributions of (a) the original sample and (b) the 
delaminated sample, which were calculated according to the data 
shown in Figure 2. 
Fig. 1. The Hall probe scanning system for Ic distribution 
measurement. A close view of the sample zone indicated by the 
dash square in subfigure (a) was shown in (b). The labels were: 1 
liquid nitrogen pool, 2 DC source of 12 A for the exciting magnet, 
3 Keithley 2700 for the Hall probe signal collection, 4 computer 
for data record, 5 Hall probe, 6 the measured sample, 7 exciting 
magnet of copper coil. 
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field penetration mechanism, which was consisted with 
the report by Higashikawa et al. [20]. As could be 
observed in Figure 3,  about 1/3 of the delaminated sample 
was of zero IC. In the other 2/3 part, the average IC 
percentage relative to the original sample was about 45%. 
It could be certain that IC could be partially preserved in 
YBCO layer after delamination. 
The SEM images of the delaminated sample were 
shown in Figure 4. The porous morphology was common 
for the YBCO thin films fabricated via the chemical 
solution deposition (CSD) method [25]. The delaminated 
surface was flat and dense for both zones with or without 
preserved IC. Thus detailed reason of the zero IC zone 
required further investigation other than SEM. On the 
surface of the delaminated part with buffer layers, there 
was also some porous morphology, indicating the 
existence of YBCO grains. The EDS result shown in 
Figure 4 (d) could verify that some YBCO grains were 
attached on the buffer layer. Therefore, the delamination 
occurred inside the YBCO layer.  
As mentioned in the above section, it could be 
concluded that the delaminated sample was a 
YBCO/Ag/Brass stack, as shown in Figure 5 (a). Such a 
stack could be considered as a new type of coated 
conductor with the silver stabilizer as its buffer layer. 
Silver owned a large oxygen diffusion coefficient (D) of 
10-6 cm2/s at 450°C~600°C (a typical oxygenation 
temperature range) [26], which is much larger than YBCO. 
As reported by Park et al. [27], there was a main difficulty 
of superconducting joint for CC, that the oxygenation 
process would cost a very long duration due to the low D 
value in YBCO and long diffusion length (h) in the a-b 
plane. If the delamination sample could be used as a 
connector of two CC, as shown in Figure 5 (b). The 
oxygen diffusion would be firstly in the silver layer and 
secondly along the c-axial direction of YBCO layer. In 
silver, h was about 2 mm, and the characteristic time (τ) 
could be estimated to be about 1 h through the one 
dimensional diffusion model (τ=h2/π2D) [28]. In YBCO, 
D along the c-axial direction could be estimated as 10-14 
cm2/s at 600°C [29], d was about 2 μm and τ could be 
estimated to be about 100 h, which was comparable to the 
laser drilling method [27]. Moreover, the porous structure 
of CSD-YBCO thin film could own a much larger 
diffusion coefficient [28], which might result a more rapid 
oxygenation process for superconducting joint. 
Therefore, the CC delamination might be a 
beneficial phenomenon with new application potential. 
There were more tasks to investigate in our future study: 
First, the reason for IC decreasing is still not clear; Second, 
the post treatment such as annealing could be used to 
improve the property of the delaminated sample; Third, 
the delamination of other types of HTS CC might be 
different from the samples in this study. 
Conclusion 
In this study, a 60 mm long CC sample was 
delaminated by liquid nitrogen immersing. The IC 
distributions of the original sample and the delaminated 
sample were measured by a Hall probe scanning system. 
It was found that IC survived in about 2/3 of the 
delaminated sample, with a preserved percentage of about 
45% relative to the original sample. SEM observations 
and EDS detections were conducted to obtain more 
information of the delaminated surfaces. The potential 
application of delaminated sample for superconducting 
Fig. 5. The sketches for: (a) the architectures of the original 
sample and delaminated sample (indicated by the dash square); 
(b) a potential application of the delaminated sample for 
superconducting joint to connect two CC samples (CC-A and 
CC-B) and the main oxygen diffusion path. 
Fig. 4. The SEM images of (a) the zone with preserved IC of 
delaminated sample, (b) the zone with zero IC of delaminated 
sample, (c) the delaminated part with buffer layers, and (d) the 
EDS result of (c). 
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joint technology was discussed based on the estimation of 
oxygen diffusion, and a much shorter oxygenation 
duration could be expected. More study of the IC survival 
in YBCO layer of the delaminated CC would be carried 
out in our future research. 
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